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INTRODUCTIO N* 
Since the first report of mucosal disease in Iowa by 
Ramsey and Chivers in 1953~ this disease has been studied ex-
tensively. Ramsey described the lesions in detail in 1956 
and in 1960 Whiteman described changes of the adrenal g land 
and of t h e pi tuitary gland . Also in 1960, Trapp reported on 
the changes of the blood vascular and lymphatic systems. 
These reports all covered the disease as it was seen in Iowa 
and clearly defined the clinical and pathological effects of 
the d isease . 
Studies on the etiology of the condition have not been as 
clear cut. Ramsey attempted to p ass the di sease to exueri-
mental calves and concluded that these Jtudies were inconclu-
sive. In conjunction with a Department of Agriculture con-
tract* Rams ey and co-w orkers (1959 ) carried OD transmission 
studies over a period of several years . 
During the course of these studies a filterable a gent was 
isolated . Thi s a gent c ould be passed in calves and p roduc ed 
a definit e clinical reaction in ex.perimental calves. The ex-
perimental disease was mild and only slightly resembled 
mucosal disease as seen in t he field . Yet, because t he agent 
Vias isol ated from an animal with typical mucosal disease, the 
possibi lity existed that it might be related to the condition. 
The present study was under taken to accurately describe the 
*This r esearch was supporte d in part by .funds from the 
United S t ates Deuartment of Agriculture. Contract Number 
1 2 - 12-100- 498 (51). 
2 
disease produced by this agent. 
There are no serological means of comparing mucosal dis-
ease and the disease caused by the Sanders agent. Therefore. 
it was hoped that the cellular changes seen in the two condi-
tions could be compared~ noting similarities and dissimilari-
ties. This would also enable others to compare these cellular 
changes to those produced by other agents recovered from dis-
eases having some features in common with mucosal disease. 
In addition to studying the effect of the Sanders agent 
in experimental animals an attempt was made to grow or main-
tain it in tissue culture systems. If a tissue culture sys-
tem could be developed in which the Sanders agent would have 
a cytopathic ~ffect. it would permit the use of tissue cul-
tures for viral titrations and immunologic work. At present 
this work is prohib j tive because of the necessity to use 
calves as an indicator for the presence of infective material. 
I . 
d ~. 
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REVIEW OF LITERATURE 
The voluminous li te r ature of the mucosal d iseases was 
thoroughly reviewed by Tr app (1960) . The relati onship of t he 
man y conditions reviewed b y Trapp is still controversial and 
no conclusive compari son seems to be forthcoming . Therefore~ 
for the pur poses of t his paper the term mucosal disease will 
be used in a narrow sense r eferring only to the c ondition de-
scribed in Iowa by Ramsey and Chivers (1953) and Ramsey 
(1956) . For purposes of later discussion the pathology of 
mucosal disease as documented by the se authors will be summa-
rized briefly. 
They stated that er osions and ulcers occurred in all 
parts of the diges tive tract from t he muzzle and oral cavity 
t o the anus. The spe cific distribution and severity of these 
lesions varied from one individual to the n ext . Lesion s were 
commonl y p r esent on the muzzle and external nares as well as 
in the oral cavi ty , esophagus , small intestine , c ecum and colon. 
Lesions of the oral cavity and other areas of the diges -
tive tract covered by stratified squamou s eni thelium were ex-
amined microscop ically . Deg e neration of all layers of t he en-
i t helium occurred . Commonly, t he degenerative pr ocess began 
in the s t ratum s p ino sum where the intercellu l ar bridges dis-
a ppeared . The cells then enl a r g ed with increased fluid and 
s me.11 vesicles formed as a result of cell death and liquefac-
tive necrosis. Small vesicles coalesced wi th sloughing of 
surface epithelium followed by enlargement of the shallow 
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ulcer due to secondary bacterial infection. Inflammatory 
changes were not marked unless secondary bacterial infection 
was extensive. 
Lesions such as these were especially common in the e-
sophagus where they ranged from small slightly raised grayish 
white foci of necrosis to necrotic areas in which there was a 
loss of 80 to 90 per cent of the epithelium. The lesions 
tended to be irregular and linear in form. 
These necrotic lesions were less common in the reticulum, 
omasum and rumen. The abomasum was found to contain multiple 
circumscribed lesions with raised borders measuring 1 to 15 
mm . in diameter. They appeared to be ulcers surrounded by a 
pale halo and set off from the surrounding mucosa by a sbarp 
ring of petechial hemorrhages. Histologically many of these 
lesions were atrophic cystic glands with intact but depressed 
epithelium. Other lesions were more advanced with erosion, 
ulceration, necrosis, inflammation and edema . 
In the small intestine the initial reaction was acute 
catarrhal enteritis especially in the jejunum and ileum. This 
was most obvious over the areas of the Peyer 1 s patches . As 
the severity increased there was necrosis and ulceration of 
the epithelium covering Peyer~s patches with possible severe 
hemorrhage. Microscopic lesions were consistently found in 
the areas of Peyer•s patches. These microscopic lesions rang-
ed from complet e disappearance of l ymphoid nodules to vary-
ing degrees of necrosis . The overlying mucous glands were 
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often cystic; being filled with mucusr necrotic epithelium and 
leukocytes. This resulted in pressure atrophy on the glandu-
lar epithelium and led to necrosis and sloughing of the epi-
thelium. Lesions of the colon were similar to those seen in 
the small intestine. 
Blood vascular changes were observed in the lamina pro-
pria in association with the other change s of the digestive 
tract . These included hyperemia~ hemorrhage~ thrombosis, em-
bolism and increased capillary permeability with edema and 
escaue of fibrinogen into the surrounding tissues. 
Lymph nodes often were either grossly normal or mildly 
edematous. At times there was a marked decrease in mononucle-
ar cells of the corteJt. resulting in easy visualizati on of the 
stroma. This change was also observed in the spleen. 
Additional studies on t Le pathology of mucosal disease as 
seen in Iowa were conducted by \'Vhiteman (1960 ) and Trapp (1960). 
Whiteman described the histopathologic changes of the adeno-
hypophysis and adrenal cortex. Trapp concentrated on the 
blood vascular and lymphatic systems and extended the studies 
which were begun by Ramsey. 
Trapp stated that striking gross changes were not ob-
served in the lymph nodes in most cases. In some instances 
all the nodes of the body contained excess fluid with hyper-
emia and hemorrhage being occasional observations. Microscop-
ic lesions were variable but the variation was usually one of 
degree rather than type . Generally there was marked depletion 
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in the number of lymphocytes of the cortex with the germinal 
centers most severely affected. At other times the lymphocyte 
depletion was primarily focal. This change allowed the stroma 
to be readily seen. The mononuclear phagocytes remained even 
though other cell tY!)eS disappeared in the cortex. 
Most of the animals examined (56 of 64) were found to 
have accumulations of eosinophilic material in the germinal 
centers . This relatively acellular and amorphous to finely 
granular material was usually found in centers with few lymph-
ocytes . Various vascular and cellular inflammatory changes 
were also present . The nodes most severely involved were the 
mesenteric and then the supra-pharyngeal. The Malphighian cor-
puscles of the spleen and the hemal nodes as well as the lymph-
oid nodules of the tonsils were also found to be involved in a 
process similar to that seen in the germinal centers of the 
lymph nodes . 
Gross lesions of Peyer•s patches described by Trapp 
(1960 ) closely correspond to those of Ramsey (1956) . Micro-
scopically severe lymphoid depletion, necrosis and inflamma-
tion were visible. The mucosal change s were the same as those 
de s cribed by Ramsey . 
Hematological study revealed increased erythrocyte counts, 
hemoglobin concentrations , hematocrit readings and blood urea 
nitrogen levels . Most total l eukocyte counts were normal or 
elevated and a relative lymphopenia and relative neutrophilia 
were observed on the differentia l examination. 
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Although the gross and microscopic lesions have been de-
scribed in detail there is little concrete evidence as to the 
cause of mucosal disease. Ramsey (1956) carried on trans -
mission studies but stated that the results were inconclusive~ 
Results of later work by Ramsey and co-workers (1959 ) were 
also inconclusive. They were able to recover a filterable 
agent which could be passed in calves with a resulting clin-
ical reaction. This agent was recovered from a confirmed case 
of mucosal disease but its relationship as an etiological 
agent is uncertain. This agent was recovered from an a nimal 
owned by Herbert A. Sanders of Route 2,. Fayette, Iowa and has 
been designated the Sanders a g ent. The animal from which the 
agent was recovered was a 1 year old female Hereford Angu3 
cross. It was sick for about 5 days with straining , diarrhea 
and depression. Post mortem examination revealed severe ero-
sions and ulcers of all p ortions of the gastrointestinal tract 
with especially severe necrosis of Peyer•s patches. These le-
si ons were t ypical of a severe case of mucosal disease. 
The Sanders a gent was found to have the following charac-
teristics: 
1. It would serially pass in calves. Five serial pas -
sages were made. 
2. It produced a distinct clinical reaction in calves 
which included leucopenia at 3 to 5 days p os t-inoculation, 
temperature rise to 106 to 108 degrees F. at 7 to 10 days 
post-inoculation, a transient diarrhea and depression . 
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3. It would pass a Seitz E-K filter. 
4. It produced immunity up to 6 months after original 
infection~ 
5. Infection would spread from inoculated animal to sus-
ceptible animal by pen contact. 
Filterable agents have also been recovered from cases of 
mucosal disease by Underdahl (1957) and by Noice and Schipper 
(1959). The clinical condition resulting from inoculation of 
calves with these a g ents is not known in detail. 
Carlson et al. (1957) described an experimental disease 
of calves in their discussion of the pathology of virus diar-
rhea of cattle in Indiana. Because of the similarities of 
Indiana virus diarrhea to mucosal dise~se the experimental 
form of this disease will be reviewed for later comparison to 
the disease produced by the Sanders agent. C-1.inical examina-
tion revealed a 1.0 to 3.0 deg ree rise in temperature on the 
3rd to the 5th day post-inoculation. This was accompanied by 
a drop in leukocyte count to an averag e of 4,000 cells per 
cmm. A second and more p ronounced febrile response occurred 
on 7 to 8 days p ost-inoculation with an average of 105.5 de-
g rees F. The leuk ocyte count remained low and dep ression was 
observed. Diarrhea occurred but varied in time of onset from 
3 days to 7 to 8 days post-inoculation. Duration of diarrhea 
was 24 hours to 20 days and free blood with increase d mucus 
was observed in the feces. 
Three animals exhibited exacerbations of clinical signs 
J ·'· 
I 
q 
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at two week intervals for 2 to 3 months at which time they 
were slaughtered. These animals were thin and unthrifty at 
that time. 
The agent had an apparent affinity for the digestive 
tract and lesions were observed from the muzzle to the anus. 
The lesions (erosions and ulcers) of the upper digestive tract 
were similar in nature varying only in degree of involvement 
and severity. The foci often proceeded to necrosis and epi-
thelial sloughing. Most lesions remained under 1.0 cm. in 
diameter. 
Congestion, hemorrhages~ edema and erosions were seen in 
the abomasum. Catarrhal enteritis with necrosis of tins of 
villi was observed in the small intestine. Peyer•~ patches 
were distinct because of edema and microscopically there was 
pronounced dilation of lymph spaces of the intestinal wall. 
Necrosis of surface epithelium was also observed in the cecum, 
colon and rectum. 
Lymph nodes were enlarged in 50 per cent of the cas es and 
Payer's patches as well as the mesenteric nodes were enlarged 
and edematous in 90 per cent of the cases. There was lymphoid 
exhaustion of the nodes in 60 per cent of the acutely affected 
exuerimental animals and there was depletion of germinal cen-
ters in the spleen. 
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MATERIALS AND METHODS 
Animals 
Eighteen calves were inoculated with infectious material 
and were observed clinically. Nine calves developed a clinic-
al reaction and were necropsied. Eight calves were examined 
histologically. In addition one of the clinically normal 
calves was necropsied . Comparable tissues were collected from 
20 apparently healthy calves slaughtered at the Meats Labora-
tory of Iowa State University. These served as a study group 
to establish normal controls. Six rabbits were inoculated 
with infectious material to determine if they were susceptible. 
The calves used for inoculations were from two sources. 
One group came from the State Mental Hospital at Indenendence~ 
Iowa. They were all purebred Holstein male calves ranging 
from 3 months to 6 months of age. The remainder of the calves 
came from the state herd at Woodward , Iowa.. They also were 
Holstein bull calves between 3 and 6 months of age. In both 
cases the herds were maintained as closed herds with little or 
no contact with outside animals. There was no obvious history 
of mucosal disease and all animals were clinically healthy and 
in good condition. 
After each group of animals was purchased they were held 
in quarantine and kept on a uniform ration of alfalfa hay~ 
cracked corn and oats. The pens , walls , ceilings and all u-
tensils used in the quarantine area were scrubbed several 
times , treated with sodium hydroxide solution and vi ashed with 
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a quaternary ammonia compound before arrival of new animals. 
In spite of these precautions all incoming group s of animals 
went throug h a mild febrile period and several days of diar-
rhea one week after arriva l. All animals were adjusted to 
the new environment, diet and routine of care for a pproximate -
ly two weeks before inoculation. Temperatures were obtained 
twice daily and blood samples were taken ever y other day. No 
animal was used until its temperature and white blood cell 
count were relatively stable. One or two animals at a time 
were then removed to separate isolation quarters for inocula-
tion. Individual va riations in handling and final disposition 
of each animal will be discussed in the section on results. 
Infective Material 
The Sanders a gent was isolated from a typical case of 
mucosal disease and was orig inally p repared as a ground s us -
pension of lymph node, abomasum, small intestine (Peyer 1 s 
patche s)~ liver, s p leen and kidney. On subsequent passage it 
was determined that the a gent was ?resent in defibrinated 
blood obtained at the peak of the clinical rea ction and for 
several days after. Material for this series of inoculations 
came from calves which had been inoculated in the original 
isolation of the a gent. These passages were carried on in a 
sequence as illustrated in Figure 1. The specific animal and 
tissue used as a source of infective material will be stated 
in the detailed information on each calf. The inoculum was 
stored at minus 40 degrees F . for periods of one week to 9 
.-
Figure i. Pattern of calf passage of the Sanders agent. 
Those calves which are underlined were inoculated 
during the initial isolation of t he agent. The 
remainder of the animals were inoculated in this 
project. An asterisk denotes a positive clinical 
reaction. 
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months. Defibrinated blood was thawed and used for inocula-
tion without any further treatment . 
The t issues were prepared for inoculation by cutting 
them into 1 to 2 mm. fragments and then grinding them in a 
mortar and pestle with sterile sand. An equal amount of 
Earl ' s balanced salt solution as modified by Madin et al. 
(1957) was added during the grinding process. The fluid was 
then poured off and centrifuged at 2000 r. p . m. for 30 minutes. 
The suuernatant was then trea ted with 2000 units of . penicillin 
per ml . and 1.0 milligram of streptomycin per ml . This mat-
eri al was then used for inoculum in those cases where ground 
tis sues were used. 
Tissue Culture Techniques 
Unless specifically mentioned all cells were grown on a 
medium consisting of Earl ' s balanced salt solution as modified 
by Madin et al. (1957),, 0.25 per cent lactalbumin hydrolysate 
(enzymatic) and 10 per cent bovine serum. Penicillin and 
str eptomycin were added at levels of 200 units and 0 . 1 milli -
g ram per ml . respectively . 
The complete medium was sterilized by filtration through 
Selas No . 02 filters using vacuum. The pH was then adjusted 
to 7 . 4 with a 7.5 per cent sodium bicarbonate solution which 
was sterilized by autocla ving .. 
Primary cultures of bovine kidney cells were obtained 
from animals 600 to 800 pounds in wei ght which were slaughter-
ed at the Iowa State Univers l ty Me a ts Laboratory . Porcine 
15 
kidney cells were obtained from W.P . Switzer of the Veterinary 
Medical Research Ins t itute at Iowa S tate University . These 
c ells were from pig s 1 to 8 day s old . They were p repar e d as 
described by Switzer (1959 ) . Guinea pig kidney cells were de -
r ived from young guinea p i gs 1 to 3 months old . Serial pas -
sage cell line s were also obtained from W. P . Switzer . 
Histopathol ogy Te chniqu es 
The tissues were collected and f ixed i n 1 0 per cent buff-
e r ed fo r malin (Armed Forces Institute of Pathology 1957 ) for 
24 hours and then washed in running tap water for 30 minutes. 
They were then p laced in fresh 10 per cent buffer ed formalin 
for storage until processing . Several 2 mm . thick adjacent 
se c tions were c u t from the tissue. One sec t ion was stored for 
future reference and one was used for processing and secti on -
ing . All tissues were dehydrated in a g rade d series of ethyl 
alcohol~ c leared in xylene a nd infiltrated and embedded in 
par affin . Secti ons were cut at 7 microns and stained with 
hematoxylin and e osin . 
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RESULTS 
The results will be discussed in 4 sections . The first*' 
entitled calf inoculations , will include the method and source 
of inoculation, clinical reaction and gros s p ost mortem .find-
ings . Each animal will be discussed as an individual and then 
the group will be summarized~ Clinical data on body tempera-
ture and total white blood cell count will be presented in 
figures 2 through 19. The second section, microscopic find-
ings ~ will include the histopathological findings for each 
calf and then~ summary of these findings . The third section 
will summarize the tissue culture work and the fourth section 
will summarize the rabbit inoculations . 
Calf Inoculations 
Calf no. 1.38 was inoculated intravenously with 5 . o ml . 
of defibrinated blood from calf 143. The material was passed 
through a Seitz E-K filter . The calf developed a leucopenia ~ 
a temnerature rise, anorexia, depression, and intermittent 
diarrhea . Necropsy examination revealed the p resence of numer-
ous necrotic foci and linear erosions in the esophagus and 
edema of the small intestine in the areas of Peyer•s patches . 
Calf no . 147 was inoculated intravenously with material 
from calf 143. A leucopenia and temperature rise followed in-
oculation by 4 to 5 days. Blood tinged mucus appeared in the 
feces 3 days post-inoculation . Diarrhea was observed on days 
7, 8, 9, and 10 . Depression, partial a norexi a and signs 
of abdominal distress were observed on days 7, 8 and 9 . 
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Necropsy at 11 days after inoculation revealed the presence of 
25 to 30 necrotic foci and or erosions in the esophagus and 
severe edema of the Payer's patches throughout the small in-
testine. 
Animal no. 148 was inoculated intravenously with 10 ml. 
of defibrinated blood collected from calf no. 138. Leucopenia 
developed on day 4 post-inoculation with a severe temperature 
rise~ abdominal pain and anorexia on day 9. The animal was 
necropsied on day 11 and was found to have linear necrotic 
foci of the esophagus~ hyperplasia of abomasal lymphoid nod-
ules~ severe edema of Peyer's patches~ severe edema of the 
terminal portion of the ileum and enlargement of the lymph 
nodes which drain the terminal portion of the ileum. These 
nodes were Z to 3 times their normal size. 
Calf no. 149 was i noculated with material from calf no. 
136 . The materi a l consisted of 1/3 defibrinated blood~ 1/3 
ground lymph node and 1/3 gr ound s pleen. The animal was inoc-
ulated by injecting 3 ml. into a p rescapular lymph node and 7 
ml. into a jugular vein. There was a slight t emnerature rise 
and a definite leucopenia 5 days after inoculation. The animal 
was ne cropsied 15 days after inoculation and t here was eso-
phageal ulceration, hyperemia of the abomasum , catarrhal en-
teritis , and enlargement of Peyer • s patches . The Peyer ' s 
patches were raised 2 to 3 mm. above the intestinal surface. 
There was excessive clear fluid in the per itoneal c avity . 
Calf no. 150 was inoculated intravenously with 7 ml. of 
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materie.l which consisted of 1/3 defibrinated blood, 1/3 
ground l ymph node and 1/3 ground spleen obtained f r om calf 
no . 139 . There was no clinical reaction and the animal was 
not necropsied. 
Calf no . 151 was inoculated intravenously with 10 ml . of 
defibrinated blood from calf no . 138 on one day and then re-
ceived an additional 5 . 0 ml . of inoculum per dB.y i'or two more 
de.ys . There was no clinical reaction and the calf was not 
necropsied . 
Calf no. 152 was inoculated intravenously with 5 ml . of 
material and into the prescapular lymph node with 2 ml . oi' 
material . This material was from calf no . 139 and was similar 
to that used to inoculate calf no. 150. A leucopenia occurred 
7 days after inoculation . There was no other clinical resuonse 
and there was no necropsy examination. 
Calf no. ·153 was inoculated with materials consisting of 
1/3 defibrinated blood, 1/3 ground lymph node and 1/3 ground 
spleen obtained from calf no . 139 . Five ml . of infective ma-
terial were injected into a jugular vein and 3 ml .. were in-
jected into a prescapular lymoh node . A severe leuconenia 
occurred on the 6th day post- inoculation and the animal was 
necropsied 11 day s after inoculation. A few necrotic esopha-
geal ulcers were p resent and there was catarrhal enteritis 
with excessive mucus and edema of the small intestine. Edema-
tous mesenter i c lymph nodes and Peyer ' s patches were very 
striking because of their enlargement . Petechial hemorrhages 
I 
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occurred at the edges of the swollen lymphoid patches. There 
was excess fluid in the peritoneal cavity, perica rdial sac and 
the joint cavities of the legs . This clear colorless fluid 
clotted on exposure to the airo 
Calf no. 154 received 10 ml . of defibrinated blood from 
calf no. 138 by intravenous inoculation . There was no clinical 
r eaction and there was no post mortem examination . 
Calf no. 155 was inoculated with material from calf no. 
136 by injecting 5 ml. intravenously and 2 ml. into a pre-
sca~ular l ymph node . The inoculum consisted of 1/3 defibrin-
ated blood, 1/3 gr ound lymph node a nd 1/3 gr ound s pleen. A 
l eucopenia occurred 5 days aft er inoculation but there was n o 
othe r clinical reac tion. This anima l was necrops ied 13 days 
after inoculation . There were ulcers and linear erosions of 
the esophagus~ as well as moderate c atarrhal enteritis , e dema 
of the mesenteric l ymph nodes and enlargement of Peyer•s 
patches . They were raised 3 to 4 mm . above t he mucosal sur-
face. There was hyper emia at their periphery and there was 
hyperemia on t he abomasal folds. Clear f luid wa s found in the 
peritoneal c avity , pericardial sac and leg joints. Fluid was 
collected from the pericardial sac and several j oints and t ak-
en to R. Ross at the Veterina ry Medical Resear ch Institute of 
Iowa S tate Un ive rsity. He made several attempts to grow 
p leuropneumonia-like or ganisms fr om this fluid but was n ot 
successful . 
Calf no. 157 r e ceived 6 ml. of inoculum intravenously 
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and 6 ml. in a prescapular lymph node. The inoculum was de-
fibrinated blood from calf no. 147. A mild leucopenia devel-
oped 6 days after inoculation and continued for a week. The 
reaction was considered inconclusive and there was no post 
mortem examination. 
Calf no. 159 received 6 ml. of inoculum intravenously and 
6 ml. in a prescapular lymph node. The inoculum was defibrin-
ated blood from calf no. 147. There was no significant clini-
cal reaction and the animal was not necropsied. 
Calf no. 160 was inoculated with material consisting of 
1/3 defibrinated blood, 1/3 ground lymph node and 1/3 ground 
spleen from calf no. 139. This mixture was given by injecting 
5 ml. intravenously and 3 ml. into a prescapular lymph node. 
A moderate leucopenia developed but this was not severe. 
There was no post mortem examination. 
Calf no. 161 was inoculated with ground clotted blood 
from calf no. 139. Ten ml. were injected intravenously and 2 
ml. were injected into a prescapular lymph node. There was a 
mild leucopenia 3 days and 5 days post-inoculation with mild 
abdominal distress and depression during this period. Post 
mortem examination was conducted 12 days after inoculation. 
There was mild hyperplasia of lymphoid foci in the abomasum 
and enlargement of Peyer's patches. A mild catarrhal enter-
itis was present with excessive mucus and hyperemia. There was 
mild edema of many lymph nodes including the prefemoral nodes, 
popliteal nodes, mesenteric nodes and the tonsils. There was 
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excessive clear fluid in the abdominal cavity and in the joints 
of the legs. 
Calf no. 163 was inoculated with ground clotted blood 
from calf no. 139. This was given by injecting 10 ml. intra-
venously and 2 ml. into a prescapular lymph node. There was a 
mild febrile reaction with leucopenia 5 days after inoculation 
accompanied by severe abdominal pain, mild diarrhea, inappe-
tence and depression. Excessive mucus and blood clots were 
observed in the feces. The animal was necropsied 8 days after 
inoculation. There were small ulcers 2 to 4 mm. in diameter 
on the tongue. There was lymphatic congestion of the abomasal 
mucosa with lymphoid n odule hyperplasia. Peyer•s patches were 
enlarged with some being hemorrhagic. The ileum was mildly 
edematous and there was cystic hyperplasia of the submucosal 
glands of the colon. All lymph node s were edematous and the 
mesenteric nodes were twice normal size. There was clear 
fluid in the peritoneal cavity along with some clotted blood 
. and fibrin. 
Calf no. 933 was inoculated with a mixture of ground 
lymph node, ground liver and g round spleen obtained from calf 
no. 163. This was given by injecting 10 ml. intravenously and 
10 ml. into a p rescap ular lymph node. The clinical reaction 
was indefinite and the animal was not necropsied. 
Calf no. 935 was inoculated with a suspension of ground 
lymph node~ ground liver and g round spleen from calf no. 1480 
Twenty ml. of this material were given intravenously and 10 ml. 
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were injected into a prescapular lymph node. There was a 
striking clinical reaction with a temoerature rise to 107 . 6 on 
the 8th day after inoculation and a mild leucopenia on the 7th 
day . There was severe depression, abdominal pain and inappe-
tence. This was followed by diarrhea with bloody feces on the 
9th day. The calf was necropsied 10 days after inoculation . 
There was clear fluid in the peritoneal cavity, the pleural 
cavity , the pericardial sac and in the hock joints . This 
clotted on exposure to air. There were numerous erosions on 
the tongue~ esophagus~ and abomasum . The lymphatics of the 
abomasum were prominent. The ileum was dilated with a thick-
ened wall and raised Peyer •s patches which were reddened in 
spots. Excessive mucus was present in the intestinal tract . 
Cystic hyperplasia of the submucosal glands of the colon was 
present. The mesentery of the ileum was very edematous as 
were the mesenteric lymph nodes and ileum itself . The mesen-
teric nodes were 2 to 3 times their usual size. 
Calf no . 937 was inoculated with ground lymph node , liver . 
and spleen from calf no. 163. Ten ml. were injected intra-
venously and 10 ml. were injected into a prescapular lyrnoh 
node. There was no significant clinical reaction and the ani-
mal was necropsied 18 days after inoculation. There were no 
significant lesions. 
Summary of Calf Inoculations 
A total of 18 calves were inoculated . Nine of these de-
veloped a mild to severe clinical reaction. These were 
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necropsied and found to have significant l es ions. Nine calves 
did not show any conclusive clinical response . Because of e co-
nomic r easons only one of t hes e (937) was posted . No gross 
lesions were observed in this anima l. 
Of t he 9 calves with a clini cal re sponse , all 9 had a 
leucopenia~ 6 had a febrile responser 5 developed inappetence~ 
depression and si gns o f abdominal pain and only 4 had diarrhea. 
The reaction was very mild in most of t he animals and it was 
of short duration. Even where diarrhea, depression and abdom-
inal pain occurred it would have been miss e d unde r average 
farm c onditions . The whol e clinical r eaction could best be 
described as mild, variable and trans i ent. 
The post mortem findings from t hose animals which were 
n ec r opsied were r emar kably uniform and definite in suite of 
the lack of clinical sign s . All calves had definite and simi -
l a r l esions . These consisted of s mall but definite linear 
esophag eal ulcers,, l ymphati c edema of the a bomasum, p inpoint 
ulcer-like le s ions of t he abomasum, severe enlargement of 
Peyer's patches and edema of t he ileum. 
The enlare ed Payer's ~atches were the most striking le-
s ion, being rai sed above t he s urroundi ng tissue . The se l ymph-
oid patches were often reddened with small hemorrhagi c foci o 
Catarrhal enteritis was a l so c ommon and s ubrnucosal cystic 
hyner plasia of the colon occurred in several animals . The 
l ymph nodes were edematous , especially the mesenteric n odes . 
The mesenter y was also edematous in some cases. A very 
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striking and common lesion was the presence of clear fluid in 
all serous cavities. Fibrin was pr esent in this fluid be-
cause it would clot on exposure to air . At times this fluid 
was also blood tinged. 
Microscopic Findings 
Tissues were collected from animal numbers 138~ 147~ 148~ 
i49• 153~ 155~ 163, and 935. These were sectioned and ex-
amined microscopically. They will be reported individually 
and then will be summarized. Because of the small size of 
many of the gross lesions, especially the ulcers, it was not 
always possible to get a microscopic description of the gross-
ly visible lesions . The tissues which were examined micro-
scopically were tongue~ cheek wall, esophagus. rumen, reticu-
lum, omasum, fUndic abomasum, pyloric abomasum~ duodenum,, 
ileum, jejunum, colon, cecum, major lymph nodes~ trachea~ 
lung~ cardiac muscle, liver, pancreas , s pleen, thymus, kidney s, 
urinary bladder, testis~ adrenal glands, and thyroid glands. 
Calf no. 138: There was a small area of necrosis of the 
superficial half of the epithelium of the esophagus . There 
was at least one area of necrosis and leukocytic infiltration 
in the epithelium of the omasum. Moderate lymphoid hyperpla-
sia of Peyer 's patches wa s present. Polymorphonuclear leuko-
cytes were found infiltrati ng s ome small lymphoid nodules in 
the wall of the colon. The lymuh nodes were normal except for 
some slight focal cortical congestion. 
Calf no. 147: Several subepithelial inflammatory foci 
Figure 2. Clinical data on calf no. 138. The dotted line represents leukocyte s in 
thousands per cmm . The solid line represents body temp erature. 
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Figure s. Clinical data on calf no. 1490 The dotted line represents leukocytes in 
thousands per cmm. The solid line represents body temperature. 
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Figure 7. Clinical data on calf no. 151. The dotted line represents leukocytes in 
thousands per cmm. The solid line represents body temperature. 
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Figure 9. Clinical data on calf No . 153. The dotted line represents leukocytes in 
thousands per cmm. The solid line represents body temperature. 
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Fi gure 12. 
f 
Clinical data on calf no . 157. The dotted line represents leukocytes in 
thousands per cmm . The solid line represents body temperature . 
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I ' 
/10 ~o 
/09 11 
Jnocu lo ted 
JO~ 
" ,, -" I ' ' I ' 107 I ' /'f ' I ..... ' I \ 
JO/, 
I \ 
' \ /'J.. ..... ' A \ .... - ... .... " /", .. .. - ..... 
10> I I 10 (}l ' I ' ,, \ 0 '" \ I 
/Of \ 
l-----· 
103 
JO~ 
'"' l. 
Te.mp WBC 
:>.8 ~9 30 I 2. 3 t' s- 6 1 8 " /0 I/ /;J. l:J 1-y DAYS 
Figure 15. Clinical data on calr no. 161. The dotted line represents leukocytes in 
thousands p er cmm . The solid line represents body temperatuPe. 
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Clinical data on calf no . 935 . The dotted lin e r epresents leukocytes in 
t housands per cmm. The soli d line r epresents body temperature . 
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Figure 19. Clinical data on calf no. 937. The dotted line represents leukocytes in 
thousands per cmrn. The solid line represents body temperature~ 
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and one small necrotic ulcer were present on the tongue . The 
omasum contained one small superficial necrotic focus but 
there were intact basal layers of t he epitheliwn. The esoph-
agus contained one necrotic ulcer filled with caseous debris 
well infiltrated with leukocytes . In the small intestine 
there was severe edema of the submucosa with numerous eosino-
phils being present in the lamina propria and even in the 
glandular lumina . Severe loss of lymphocytes in all nodules 
of Peyer 1 s patches was existent and all that remained in these 
areas were scattered macrophages , granular leukocytes, a few 
immature lymphocyte s and nuclear debris . There were traces 
of fibrin present in the lymphati cs of the submucosa . 
Calf no . 148: In this animal there was one focus of 
lymphocyte and macrophage infiltration under the epithelium of 
the ornasum. The abomasum exhibits edema of the l amina propria 
especially at the tips of the folds . Numerous large lymphoid 
nodules were present in t he l amina propria and some extended 
to the surface with no epithelium being present . In the small 
intestine many lymphatics of the Peyer 1 s patch regions were 
filled with fibr in clots. These lymphatics were found beneath 
and separating the lymphoid nodules of Peyer 1 s patches . Ne-
crosis of the l ymphoid n odules was present with amorphous eo-
sinophilic ground substance, a few lymphocytes, and a few pyk-
notic nuclei occupying the areas. In the lymph nodes there 
was severe necrosis of germinal centers with only a few lacy 
eosinoohilic fibers, cellular debris and a few scattered 
I 
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lymphocytes remaining . There were some foci of cong estion in 
the cortical areas. In the trachea there were no dules of 
lymphoid hyperplasia found under the epithelium. 
Calf no. 149: There were several small cleavages in the 
esophageal epithelium extending down to the basement membrane . 
There was necrosis and cornification of the exposed epithelial 
surface but no inflammation of the surrounding tissue . One 
small focus of epithelial necrosis and cellular infi ltration 
existed in the omasum. In the small intestine there was a 
thickening of Peyer ' s pa tches with diffuse collections of 
l ymphoid tissue but few distinct nodules were present . Nu-
merous eosinophils occurred in t he lymphoid tissue. The 
lymph nodes contained many areas in which there was n e crosis 
of lymphocytes in the lymphoid nodules . The central reg ions 
of these nodules were filled with a few lymphocytes, eosino-
philtc debris and acellular collagenous material . There was 
edema of the connective tissue at the hilus of these nodes 
especially of the mesenteric nodes. The sp leen a ppeared n or -
mal although the lymphoid nodules were not as distinct and as 
larg e as usual. 
Calf no . 153: There were fissures in the epithelium of 
the esophagus . These extended to the basement membrane and 
necrotic cells were present in the epithelial lesion . The 
surrounding tissue did not contain an inflammatory reacti on . 
The abomasum contained many lymphoid nodules which were es -
pecially prominent although within normal limits . 
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Calf no . 155 : There was a n e crotic ulcer in the esoph-
a geal epi t helium with no associated inflammatory reacti on . 
The abomasum contai ned mild edema of the lamina prou ria and 
submucosa . There were l ymphoi d nodules p resent which extend-
ed to the surface of t he epithelium. The smal l intestine had 
increased lymphoid tissue with much of the tissue severely de-
pleted of lymphocy tes . There was one larg e cystic submucosal 
gland filled with necrotic debris , cells a n d m'..lc.J.s . The 
l ymphoid nodules of the lymph nodes exhibited moderat e l ymph-
oid depleti on with some amoruhous eosi~ophilic debris remain-
ing . There was hemorrhag e in the tissue around some of the 
nodu les . 
Calf no . 1 63: In this animal there was one area of ne -
crosis of the esophageal e p ithel i um down to the bas ement mem-
brane . There was no inflammati on but there was corni f icati on 
of t he exposed epithelial surfaces . The omasum contained one 
small area of superficial n ecrosis and leukocytic infiltration. 
The abomasum c ontai n ed edema of the f olds of the fundic and 
pyloric r egions . 
The l ymphoid nodules in Peyer ' s patches we re extremely 
enlarged and could be seen gross l y on the slides . There was 
also severe l ymnhati c congestion with the l ymnha tics separat-
ing the l ymphoid nodules beins filled with fluid . The r e was 
edema of the lamina p ropria at the tips of the villi . The 
colon contained hyper p lasia of the submuc osal lymphoid tissue 
in the r egions of the submucosal glands and i n t he lamina 
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propria . 
The lymph nodes contained many lymphoid nodules in which 
there was severe l ymphoid necrosis . There was perinodula r 
hemorrhag e of several of the l ymph nodes and l ymphati c c onges-
t ion of the l ymphatics in the medullary regi on of the mesen-
teric lymph nodes . 
Calf n o . 935: There was edema of the abomasal lami na 
p r opria especially in the f olds of the mucosa . The lymphatics 
of the small intestine betwe en the nodules i n Peyer' s patches 
were filled with fibrin and wer e distended . There was s evere 
lymphoid necrosis of the nodules in Peyer 's patches with eosin-
ophilic debris r emaining along with a few nuclear fragments 
and a few macrophages . In the c olon there was a reduction of 
lymphocytes in the lamina p r opria but many macrophages we r e 
present . Edema of the wall of the colon a n d hyperse cretion of 
mucus in the submucosal glands were present . The lymph nodes 
contained occasional cortical hemorrhages with some loss of 
l ymphocytes in a few o f the ger minal centers . Acellular eo-
sinophilic debris remai ned in those germina l centers affected ~ 
Summary of Histologi c al Changes 
There were several changes which occurred quite frequent-
l y in these exuerimental animals . There were numerous small 
lesions of the epithelium of the esonhagus . These lesions 
contained e pi thelial cells in various stag es of necrosis 
( Fig . 20 ) ofte n extending to the lamina pr opria . There were 
no vascular changes associated with the lesions . A number of 
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calves also had similar necrotic lesi ons of the stratified 
squamous epithelium of the omasum. 
In almost all cases there was edema of the lamina pro-
pria of the abomasum. This varied in severity from case to . 
case but in all cases the edema was most severe at the tips of 
the abomasal folds (Figs. 21 and 22}. In some animals the 
lymphoid nodules in the lamina propria were enlarged and more 
numerous than normal. 
Hy-perplasia of the lymphoid nodules of p·eyer1 s ·patches of 
the small intestine was observed in some cases. Even when 
within normal limits the amount of lymphoid tissue was abund-
ant. Much of the gros~y visible enlargement can be attribu-
ted to severe edema of the lymphoid tissue. There was severe 
congestion or dilatation of t he lymphatics separating the 
l ymphoi d nodules (Fig. 2·3) .. In a number of cases there was 
actually fibrin present in the lymphatics, indicating severe 
damage to the vascular wall (Figs. 24,, 25 and 27). In some of 
these severe reactions there was lymphocytic depletion in the 
lymphoid nodules with immature lymphocytes,. macrophages and 
eosinophilic debris remaining (Figs. 26 and 27). 
Depletion of lymphocytes was much more evident in the 
lymph nodes. In many of these there were clear circular 
punched out areas in the centers of lymphoid nodules (Figs. 
29~ 30~ 31~ 32 and 33). On close examination the centers 
contained a few fragments of cellular debris~ a background of 
pale amorphous eosinophilic material and a few collagenous 
I 
Figure 20. Necrosis of esophageal epithelium. X 256 . 
Calf no. 138. 
Figure 21. Muc osa of the abomasum illustrating the edema 
of the l amina propria. X 100. 
Calf no. 163 
l9 
Figure 22. Severe edema at the tips of the folds of the 
abomasum. X 100. 
Calf n oo l63 
Figure 23. Hyperplasia of the lymphoid nodules of Payer' s 
patcheso Note the dilatation of the l ymphatics 
between individual nodules. X 40. 
Calf no. 1 63 
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Figure 24. Fibrin in the lymphatics of the Peyer's patch 
region. X 220. 
Calf no. 935 
Figure 25. Another example of fibrin in the lymphatics 
of the wall of the ileum. X 220. 
Calf no. 148 

Figure 26. Depletion of Lymphocytes in a lymphoid nodule 
of Peyer•s patch. Note the central core of 
debris. This is eosinophilic with hematoxylin 
and eosin staining . X 256 0 
Calf no. 935 
Figure 27 . Another example of lymphoid depletion in the 
Peyer 1 s patch region. Note the gray acellula r 
background mat eria l which is pink with hema-
toxylin and eo sin stain . X 220 . 
Calf no. 148 

Figure 28. Hypersecrection of mucus in the submucosal 
glands of colon. X iss. 
Calf no. 935 
Figure 29. Necrosis of centers of lymphoid nodules in a 
lymph node. A few lymphocytes and acellular 
material remains. X 100. 
Calf no. 148 

Figure 30. Moderate loss of lymphocytes in a lymphoid 
nodule. The normal reticular network is visible 
in the background. X 256 . 
Calf no. 155 
Figure 31. More severe lymphoid depletion in a lymph node. 
x 256. 
Calf no. 1.48 
Q
) 
.-I 
.0
 
·rl 
C
l) 
• (I) 
'O
 
0 ,.... 
Figure 32. 
Figure 33 . 
~ 
I 
Severe lymphoid necrosis in a lymph node. 
x 230. . 
Calf no .. 148 
A higher magnification of a portion of fi gure 
32. Note the fibers in the background . X 460 . 
Calf no. 148 
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fibers. Presumably , there had been necrosis of the lympho-
cytes occupying this central portion of the lymphoid nodules 
and the normal ground substance plus degenerative tissue r e-
mained behind . The colon was not as severely affected al -
though there was some edema and moderate lymphoid hyperplasia . 
In two cases there was hypersecretion of mucus in the sub-
mucosa l glands (Figure 28)~ 
Summary of Tissue Culture Work 
An extensive attempt was made t o gr ow the agen~ in pri -
mary bovine kidney cells. These cells were grown until a con-
fluent sheet of cells formed in test tubes . A medi um change 
was made and g roups of 6 tubes were inoculated with 0 . 2 ml . 
and 0 . 4 ml . of infective material . The infective material was 
prepared in t he same way as that used for the calf inocula-
tions . The tubes were observed for 7 to 10 days and a blind 
passage was made at 6 to 7 days . At least three passages were 
made before discarding the material . The infective material 
was obtained from calves 135 , 136 and 139 . The inoculum from 
each of these animals consist ed of individual samples of de-
fibrinated blood, ground kidney, ground liver , ground spleen~ 
ground abomasum, ground intestine and ground lymph node as well 
as f eces . These tissues were used separately and as a mix-
ture of all of them. Identical tissues f r om thes e calves nre-
par e on the same day were inoculated into calves and found to 
be infective . 
In order to determine if the tissue culture medium had any 
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influence on the ability to grow the agent in tissue culture a 
mixture of tissues from calf no. 136 was inoculated into tubes 
of primary porcine kidney cells maintained on the following 
maintenance media using media 199 of Morgan~ Morton and Parker 
(1950). 
l. 199 plus 10% l~b serum. 
2. 199 plus 20~ lamb serum. 
3. 199 plus 10% bovine serum . 
4. l99 plus 20% bovine serum. 
5. ~9 plus no serum. 
These were negative for cytopathic effect after 3 passages . 
The same material was inoculated on guinea pig primary kidney 
cultures maintained on 199 plus 1 0% lamb serum. 
Liver, kidney, lymph node and mixed tissues from calf no. 
139 were checked individually on porcine kidney with 10% lamb 
serum. Three blind passages were made at 6 to 7 day intervals 
and the final ti ssue culture fluid was inoculated into a calf. 
The calf remained normal and was later nroven to be suscep-
tible to the Sanders agent by challenge. 
Defibrinated blood from calf 147 was inoculated on 2 day 
old porcine kidney cells. These cells were just beginning to 
grow. No cytopathic effects were noted after two passages and 
the cells grew at a normal rate. 
All of these attempts to produce a cytopathic effect in 
tissue culture with the Sanders agent were negative. The one 
trial in which 3 blind passages were made failed to maintain 
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the agent in detectable levels . 
In addition to the attempts at growing the Sanders agent 
in tissue culture. tissues from 19 field cases of mucosal dis-
ease and a cases of nonspecific feed l ot enteritis were inocu-
lated on various tissue culture systems . Pleuropnewnonia-like 
organisms were recovered from mixed ground tissues of 3 field 
cases of mucosal disease . These agents had a cytopathic ef-
fect on bovine kidney cells and one was carried in tissue cul-
ture for 5 passages on bovine kidney cells. These organisms 
would pass a Selas 02 filter. Pleuropneumonia-like organisms 
were cultured from the filt ered tissue culture material and 
suspens i ons of the organism produced the same c ytopathic ef-
f ect as the original inoculum . The pleuropneumonia-like or-
ganisms were not studied in any more detail. 
Filterable cytopathic agents presumed to be viral were 
recovered from nasal swabs of two animals with mucosal dis -
ease . These animals came from senarate herds but were housed 
in the same pen while in the Iowa State University Clinic. 
Thererore the agents may have originated in one animal and 
spread to the other by pen contact . Both of these agents pro-
duced an intense vacuolization of the cytoplasm of serial uas-
sage bovine kidney cell s . One agent was studied in detail and 
was carried through 12 serial passages in tissue culture . It 
was found to have the following characteristics. 
1. It would seri ally pass in bovine kidney cell lines 
with cytopathic effect. 
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2 . It did n ot produce visibl e effect on bovine conj u nc-
tiva c ell lines or swine kidney cell line s . 
3. It would pass a Selas 0 2 f ilter. 
4o It did not grow on PPLO media or blood agar . 
5. It withstood treatment wi th penicillin and strepto-
mycin. 
6 0 It did n o t uroduce visible effects on chicken embryos 
inoculated by various routes . 
7. It did not produce clinical signs of disease in guin-
ea pigs inoculated by intraperitoneal, intramuscular and 
intranasal r outes . 
8 . It withstood freezing in sealed g las s vials for 6 
weeks at minus 45 degr ees F. 
9. It n roduced a clinical reaction in two calves . 
Calves 1 29 and 117 were inoculated with tissue cul ture 
media and in both cases there was a definite ternuerature 
rise associated with a sli gh t drop in the white cell 
count ( Fi gs. 34 and 35 )o The animals were depressed dur-
ing the febrile period but r eturned to normal with the r e -
turn of t he t emperatur e to normal . At this time the b o-
vine kidney cell line was l ost and it was impossible to 
g row the a g ent in any other cell system . The r e l ation-
ship of this agent t o the Sanders agent and to rnucosal 
disease is unknown . The clinical r eaction in calves is 
similar to that seen in some of the c alves inocul ated 
wi th the Sanders a gent but this is not a very s pecific 
Figure 34~ Clinical data on calf noo 129. The dotted line represents l eukocy t es in 
thousands per cmm. The solid line rep resents body temperature. 
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Figure 35 . Clinical Data on Calf noo 117. The dotted line represents leukocytes in 
thousands oer c mm . The solid line represents body temperature. 
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comparison. 
Summary of Rabbit Inoculations 
A total of six adult rabbits were inoculated with defi -
brinated blood from calf no. 138. One rabbit received 1.5 ml . 
into the ear vein~ two rabbits received 3 ml. intraperiton-
eally~ and three rabbits were inoculated by injection of 1 ml . 
into the wall of the sacculus rotundus and 3 ml. into the lu-
men of the sacculus rotundus. The animals were observed for 
one week with daily blood counts being taken. No unusual re-
actions were observed. All rabbits were n ecrop sied after one 
week and histologic examination was made of the sacculus ro-
tundus. There were no gross or microsconic changes. All of 
the injected material had disappeared from the wall of the 
sacculus rotundus. 
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DISCUSSION 
In analyzing the clinical reaction of this group of 
calves the most obvious and the most i mportant conclusion is 
that it was variable and mild. There are many possible rea-
sons for the variation observed but there is no way of being 
certain of which is the case. There may have been a differ-
ence in natural or acquired immunity in the various groups of 
animals. Predisposing factors of the environment or infectiv-
ity of the a gent could p lay a part in the severity of the in-
fection. It is also possible that the clinical reaction did 
not vary as much as it appeared. In all cases the febrile pe-
riod was of short duration and may have been missed because of 
insufficient observation. 
The difficulty of detecting a clinical reaction p laces 
some severe limitations on the possibility of conducting immu-
nolog ic studies with this a gent. At the pres ent time the only 
indicating system for the presence of viable Sanders a g ent is 
the living calf. Unless a group of calves is located which 
will respond to this agent in a definite and p redictable man-
ner this is not a very practical test for the p r esence of t he 
agent. 
There were some difficulties in connection with this ex-
periment arising out of the indefinite cl i nical r eaction. It 
was difficult to d e termine when to conduct a uost mortem ex-
amination and if it was even necessary to do so. Because of 
economic reasons, some of the first calves inoculated were not 
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examined when there was no definite clinical rear.tion. At a 
later date some calves with a mild clinical reaction were ex-
amined and found to have lesions. This suggests that t here 
may have been l esions present in the first animals als o . The 
result is that some valuable information may have been missed . 
If this condition existed in the field as a naturally occurring 
disease it would probably be missed in its present form. None 
of the animals were sick enough to be noticed by casual obser-
vation under farm conditions. However , these animals may have 
displayed more severe symptoms had they been exposed to t he 
more severe environmental stresses found on the farm . 
In contrast to the clinical uicture the post mortem ob-
servations were definite and followed a distinct pattern as 
surnmaraized earlier . The most constant and striking chang e in-
vol ved the l ympho id tissue and especially the Peyer 1 s patches . 
In some cases the changes were proliferative and in some cases 
degenerative . These variations are probably a part of a se-
quence of events which was interupted at different periods of 
time 0 The degenerative and necrotic lesions of the l ymphoid 
tissue are strikingly similar to those described by Trapp 
(1960) in field cases of mucosal disease . It is also inter-
esting to note that Carlson et al. (1957) found enlargement 
of Payer's patches and the mesenteric lymph nodes with lymph-
oid exhaustion of these nodes in acutely affected animals . 
Also Maurer et al. (1955 ) found similar changes in the lymph-
oid tissues of animals affected with rinde r pest. They 
i 
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observed severe depletion of lymphocyte s with a fibrillar , eo -
sinophilic acellular matrix r emaining in the lymphoid n odules . 
This is a change which they felt was degenerative rather than 
inf lammatory. 
In both rinderpest and mucosal disease the changes of 
lymphoid tissue have been found in all lymphoid areas of the 
body although it is most severe in those areas associated with 
the digestive tract. In infection by the Sanders agent the 
de generation has not been observed in other than the Peyer ' s 
patches and the lymph nodes . In particular it has not been 
observ ed in the spleen although the Mal p i ghian corpuscles were 
not especially p r ominent . There could easily have been mild 
l ymphoid denletion but there were no distinct centers of deg en-
eration . These observations do not e stablish a connection be-
tween these diseases but the same rea ction occurs to a l esser 
degree in Sander s infection . 
Lymphoid necrosis and prolife ration of a mild deg ree oc -
cur in other diseases. Conway (1937 ) thought that a cycl e of 
nodula r proli ferati on and exhaustion or decay are part of the 
normal cycle of events in the l ymnh node in r esponse to many 
irritating agents . The author has observed similar focal ne-
crosis of l ymphoid nodul es in the earl y stages of canine dis-
temper. However , the reaction in response to the Sanders a gent 
is more extensive than usually observed in domestic anima ls 
~nd certainly the severe damag e to lymphoid tissue in mucosal 
disease and rinde r pest is far beyond the usua l cycle of 
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lymphoid response . 
The digestive tract lesions are not nearly as extensive 
as those seen in field cases of mucosal disease or those re-
ported by Carlson et al. (1957 ) in experimental virus diar-
rhea. No lesions of the muzzle or oral regions were observed. 
There were numerous linear ulcers of the esophagus but these 
were not nearly as extensive as those seen in field cases of 
mucosal disease. They did extend all of the way to the base-
rnent membrane of the epithelium and were degenerative and ne-
erotic in nature . The ulceration of esophageal epithelium in 
mucosal disease is the result of a degenerative lesion. 
The rest of the intestinal glands were p rimarily affected 
with edema and some cystic hypery>lasia of the submucous glands. 
The edema was most severe in the ileum in the region of 
Peyer's patches . Carlson et al. (1957) found similar intes -
tinal edema in their calves which were infected with Indiana 
viral diarrhea a g ent. The s mall spots on t he surface of t he 
abomasum which appeared as nlcers turned out to be small nod -
ules of proliferating lymoh oid tissue which projected to tha 
surface of the epithelium. Because these enlarged nodules 
could be seen g rossly as small white s pots they appeared as 
ulcers. Microscopic examination did not reveal any ulcers as-
sociated with this l ymphoid tissue. 
The presence of larg e amounts of fluid in all serous cav-
itites was interesting. Associated with this and p robably re-
lated to it was the l ymphatic congestion in the lymphatic s 
I I t I 
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around the l ymphoid nodules of Peyer 1 s patches . Often these 
channels wer e filled with fibrin and fibrin was occasionally 
found in t he neritoneal cavity. This collection of f l uid is 
n ot observed in mucosal disease but it should be noted that by 
the time most mucosal disease animal s are examined t her e is se-
vere dehydration as a resul t of the diarr hea . The n resence of 
fluid in al l serous cavities is similar to the lesions seen in 
other snecies as a result of PPLO infection . This is especial-
l y true in r e l ation t o t he excessive joint flnid . Bec ause of 
this observation an attemot wa s made to r ecover PPLO from the 
fluid . These t r ials wer e not successful . Hov1ever , one cannot 
d r aw the conclusion that PPLO were not p r esent f rom t his for 
the culture methods may not have been adequate . 
Another interesting observation in c onnection with the 
findings of Carlson et a l. (1957 ) in virus diarrhea is that 
virus diarrhea exnerimental infection can become chronic but 
this does not seem to be so in Sanders infection. Diarrhea 
never lasted for more than 2 to 3 days in any of this s eries 
of calves , while infection with virus diarrhea r es ulted in di -
arrhea being prolonge d for weeks in some cases . 
This study bas shown some interesting similarities be -
twe en Sanders infection and mucosal disease . They tend to in-
volve the same g eneral tissue s of the body but one is a ver y 
severe disease with dramatic changes and t h e other condition 
is a mild disease . This study does not nr ove that there is 
any connection between infecti on by the Sander s a gent and 
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mucosal disease but it does not rule out t he possibility and 
at least suggests that t hey could be two different forms of 
the same disease. If t hi s were so the exnerimental condition 
must lack some factor which is necessary for the pr oduction of 
a field case of mucosal disease. It could very easily be pos-
sible that only a small percentage of the animals react in the 
manner as seen in mucosal disease and that the Sanders agent is 
widespread in the cattle population. This mild infection 
could go unnoticed and provide i mmuni ty for the recovering an-
i mals. This would explain in part the epidemiology of mucosal 
di sease as seen in Iowa. However, all of this is conjecture 
and in no way is there any proof of such a situation. 
Efforts must be made to develop serological techniques 
for the comparison of this whole group of intestinal viral 
diseases. If an experimental animal could be found to grow 
this a gent and develop a distinct di sease the problem would be 
simplified. Attempts at adaptation of this and similar agents 
to lab oratory animals should be made . 
95 
SUMfl.~RY 
1. A group of 18 calves were inoculated with the Sanders 
agent~ a filterable a g ent isolated from a field case of 
mucosal disease. 
2 . Nine of these animals developed a clinical reaction char-
acterized by varying degrees of leucopenia,. fever, depres-
sion, anorexia and abdominal pain. 
3. Ten animals were necropsied and 8 of them were found to 
have grossly visible lesions. The major gross lesions 
were esophageal ulcers~ abomasal edema~ edema and hyper-
plasia of Peyer's patches , catarrhal enteritis, edema of 
the ileum, edema of the colon~ edema of lymph nodes~ and 
the presence of fluid plus fibrin in all serous cavities. 
4. Tissues from 8 animals were examined microscopically . The 
findings substantiated the gross observations. In addi-
tion there was lymphoid depletion and necrosis of lymph-
oid nodul es of Peyer's patches and many lymph nodes. Fi-
brin was observed filling many lymphatics of the wall of 
the ileum. 
5. These lesions resemble mucosal disease in many ways . The 
same tissues are affected in both diseases. However, this 
similarity only suggests and does not prove a relationship 
between mucosal disease and the Sande rs a gent infection. 
Mucosal disease is a severe disease but Sanders infection 
remains mild and of brief duration . 
6 . An extensive attempt was made to adap t the Sanders a gent 
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to tissue cultures using several cell types and several 
media .. This was not successful . 
7 .. An attemp t was made to isolate a viral a gent from 19 field 
c ases of mucosal disease by the use of tissue cultures . 
Two pleuropneumonia-like organisms plus one viral agent 
were isolated from these animalso The viral a gent produc-
ed a clinical disease in two calves. The reaction was 
similar to that seen in Sanders infection. The r elation-
shin of these two agents is unknown. 
8 . Six rabbit s were inocul~ted with Sanders agent in an at-
tempt to produce disease. The rabbits did not develop 
clinical illness or apparent gross lesions . 
I 
I 
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